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Apparatus and method for transmitting and receiving isochronous data 



(57) A transmitting apparatus and method, and a re- 
ceiving apparatus and method for communicating a 
pack of 2,048 bytes using the digital interface in accord- 
ance with the IEEE 1394 standard. A 4-byte time stamp 
is added to a 2.04e-byte pack of MPEG (Moving Picture 
Experts Group)- PS (program stream) data. Also. 124 
bytes of padding data is added to this pack in order that 



the overall byte length of data be a multiple of 16. Then 
the data is divided into a number of fractions which is a 
multiple of 2 (e.g., 32). thereby being converted into a 
number of data blocks equal to the number of fractions. 
Each data block has a byte length of a multiple of 4 (e. 
g.. 68 bytes). A CIP header and the like are added to a 
predetermined number of the data blocks to form a 
packet. 
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Description 

The present invention relates to a transmitting ap- 
paratus and method, and a receiving apparatus and 
method, and, more particularly to a transmitting appa- 
ratus and method and a receiving apparatus and meth- 
od for transmitting or receiving a pack of 2,048 bytes 
through the digital interface in accordance with the IEEE 
1 394 standard. 

The DVD (digital versatile disc)-Video (hereinafter 
referred to simply as DVD) has recently been standard- 
ized. It is expected to be used widely. In the DVD. video 
data is recorded by being compressed in the MPEG 
(Moving Picture Experts Group)-PS (program stream) 
form. A DVD player reproduces, in its drive section, data 
from the DVD. and decodes, in its decoding section, the 
data in the MPEG program stream form reproduced 
from the DVD. The DVD player outputs the decoded da- 
ta to a television receiver or the like to display images 
corresponding to the data. 

It is possible that a television receiver having, for 
example, a function of decoding MPEG-PS-encoded 
data will be developed. In such a case, it is conceivable 
that a DVD player and a television receiver having such 
a decoding function arc connected to each other 
through an AVbus. and a bit stream in an encoded stale 
is output from the DVD player and is supplied via the AV 
bus to the television receiver having the decoding func- 
tion to be decoded on the television receiver side. 

A system has been conceived in which a DVD play- 
er and a television receiver are connected through an 
AV bus as described above, and in which an interface 
in accordance with the IEEE (The Institute of Electrical 
and Electronic Engineers) 1394 High Performance Se- 
rial Bus standard is used to perform data communica- 
tion. 

Fig. 20 shows an example of the relationship be- 
tween original data and actually transmitted packets in 
isochronous communication in accordance with the 
IEEE 1394 standard. 

As shown in Fig. 20. a 4-byte source packet header 
and padding data for controlling the data length are add- 
ed to each of source packets, which are original data, 
and each packet is thereafter divided into a predeter- 
mined number of data blocks. The unit of data in each 
transmitted packet is one quadlel (= four bytes). There- 
fore, the byte length of each of data blocks, various 
headers and so on is set to a mulliple of 4. 

Fig. 21 shows the format of the source packet head- 
er. As 25 bits in the header, a lime stamp which is used 
to suppress jitter, for example, when MPEG-TS (trans- 
port stream) data used in digital satellite broadcasting 
or the like is transmitted in isochronous communication 
is written. 

Such a packet header, a common isochronous 
packet (CIP) header (described below) and any other 
sort of data are added to a predetermined number of 
data blocks, thus forming a packet. 



Fig. 22 shows the structure of a packet for iso- 
chronous communication. An isochronous communica- 
tion packet is formed ol a packet header, a header cyclic 
redundancy check (header ORG), a data field and a data 

5 cyclic redundancy check (data ORG). 

The packet header is formed of "Data.Length" rep- 
resenting the data length. "Tag" representing the kind of 
format of the corresponding packet (presence/absence 
of a CIP header or the like), "Channel" representing the 

10 number of a channel in which the packet is transmitted 
(one of 0 to 63) , "Icode" representing a code for process- 
ing, and a sync code Sy prescribed according to each 
of applications. The header CRC (Header_GRC) is a 
packet header error detection code, and the data CRC 

'5 (Data_CRC) is a data field (Data field) error detection 
code. The data field is formed of a CIP header and real 
time data. Real lime data in the data field is essential 
data to be transmitted (the above-mentioned data 
blocks). 

20 Fig. 23 shows the lormat of a CIP header having an 
SYT area provided for synchronization of frames of a 
video signal. This CIP header is formed of an SID 
(source node ID) area for a transmission node number, 
a DBS (data block size) area for the length of a data 

25 block, an FN (fraction number) area for the number of 
fractions into which data is divided to form a packet, a 
QPC (quadlel padding count) area for the number of 
quadlets of padding data, an SPH area for a flag indi- 
cating the presence/absence of a source packet header. 

30 a DBG (data block counter) area for detecting a lacuna 
in the packet, an FMT area for a signal format represent- 
ing the sort of transmitted data, a FDF (format depend- 
ent field) area used according to the signal format, and 
an SYT (sync time) area. 

35 An area rev is provided as a reserved area. 

Such a CIP header having an SYT area is used, for 
example, when data of a digital camera-recorder is 
transmitted. 

Fig. 24 shows the relationship between the value in 
the FMT area and sorts of data. For example, if DVCR 
(digital video cassette recorder) data is transmitted, the 
value in the FMT area is set to 000000 (binary). If MPEG 
data (MPEG-TS data) is transmitted, the value in the 
FMT area is set to 100000 (binary). 

-iS Fig. 25 shows the format of the SYT area. As shown 
In Fig. 25, lower 12 bits in 16 bits in the SYT area rep- 
resent a lime stamp. 

Fig. 26 shows the (ormal of a CIP header having no 
SYT area. In this CIP header, the SYT area in the CIP 

so header shown in Fig. 23 is used as an FDF area. 

As described above, packets for isochronous com- 
munication are formed in accordance with formats cor- 
responding to various sorts of data to bo transmitted. 
For example. MPEG-TS data can also be transmitted in 

55 isochronous communication as well as DVCR data 
transmitted in isochronous communication as described 
in Japanese Patent Laid-Open No. 350649/1994. 

However, communication of MPEG-PS data has not 
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been performed by using the digital interface in accord- 
ance with the IEEE 1394 standard; it is difficult to per- 
form communication of MPEG-PS data by using the dig- 
ital interface in accordance with the IEEE 1394 stand- 
ard. 

That is. in MPEG-PS data, the pack forming a unit 
of data has a length of 2,048 bytes, which is much longer 
than that of the pack of MPG-TS data (188 bytes). 
Correspondingly, the number of fractions into which da- 
ta is divided to form a packet is large. However, since 
only two bits are assigned to the FN area of the CIP 
header in which the number of fractions is written, the 
number of fractions is limited to 1 (= 29), 2 (= 2'), 4 (= 
22), and 8 (= 2^), and it is difficult to increase the number 
of fractions above 8. 

The above-mentioned padding data for MPEG-PS 
data is usually longer than, for example, that lor MPEG- 
TS data, but only three bits are assigned to the QPC 
area of the above-described CIP header. Therefore, it 
is diflicult to use padding data equal to or larger than 8 
quadlets. 

According to a first aspect of the present invention, 
there is provided a transmitting apparatus comprising 
conversion means for converting a pack of 2.048 bytes 
in data into at least one packet to be transmitted in iso- 
chronous communication in accordance with the IEEE 
1 394 standard, and transmitting means for transmitting 
the packet. 

According to a second aspect of the present inven- 
tion, there is provided a transmitting method comprising 
the steps of converting a pack of 2.048 bytes in data into 
at least one packet to be transmitted in isochronous 
communication in accordance with the IEEE 1394 
standard, and transmitting the packet. 

According to a third aspect of the present invention, 
there is provided a receiving apparatus comprising re- 
ceiving means for receiving packets transmitted in iso- 
chronous communication in accordance with the IEEE 
1 394 standard, and restoration means for restoring a 
pack of 2,048 byle from at least one of the packets re- 
ceived by the receiving means. 

According to a fourth aspect of the present inven- 
tion, there is provided a receiving method comprising 
the steps of receiving packets transmitted in iso- 
chronous communication in accordance with the IEEE 
1 394 standard, and restoring a pack of 2,048 byte from 
at least one of the received packets. 

In the transmitting apparatus in the first aspect of 
the present invention, the conversion means converts a 
pack of 2,048 bytes in data into at least one packet to 
be transmitted in isochronous communication in accord- 
ance with the IEEE 1394 standard, and the transmitting 
means transmits the packet. 

In the transmitting method in the second aspect of 
the present invention, a pack of 2.048 bytes in data is 
converted into at least one packet to be transmitted in 
isochronous communication in accordance with the 
IEEE 1394 standard, and the packet is transmitted. 



In the receiving apparatus in the third aspect of the 
present invention, the receiving means recerves pack- 
ets transmitted in isochronous communication in ac- 
cordance with the IEEE 1394 standard, and the resto- 
5 ration means restores a pack of 2.048 byte from at least 
one of the packets received by the receiving means. 

In the receiving method in the fourth aspect of the 
present invention, packets transmitted in isochronous 
communication in accordance with the IEEE 1394 
10 standard are received, and a pack of 2.048 byte is re- 
stored from at least one of the received packets. 

For a better understanding of the present invention, 
reference will now be made by way of example to the 
accompanying drawings in which: 

75 

Fig. 1 is a block diagram showing the configuration 
of an example of an AV system for reproducing a 
DVD; 

Fig. 2 is a block diagram showing the configuration 

20 of an example of a data communication section of 
a DVD player shown in Fig. 1 . which represents a 
transmitting apparatus in accordance with a first 
embodiment of the present invention; 
Fig. 3 is a block diagram showing the configuration 

2S of an example of a data communication section of 
a digital TV shown in Fig. 1. which represents a re- 
ceiving apparatus in accordance with the first em- 
bodiment of the present invention; 
Fig. 4 is a diagram showing an example of a proce- 

30 dure for forming packets in the first embodiment; 

Fig. 5 is a diagram showing an example of a CIP 
header used in the first embodiment; 
Fig. 6 is a table showing an example of the relation- 
ship between the value in the FMT area and sorts 

35 of data in the first embodiment; 

Fig. 7 is a diagram showing another example of the 
CIP header used in the first embodiment; 
Fig. 8 is a diagram showing a further example of the 
CIP header used in the first embodiment; 

^0 Fig. 9 is a table showing the relationship between 
the number of fractions, the number of data bte>cks 
per packet, and the rate and band of transmission 
of data in the first embodiment; 
Fig. 10 is a diagram showing an example of a pro- 
cedure for forming packets in a second embodiment 
of the present invention; 

Fig. 11 is an example of a CIP header used in the 
second embodiment; 

Fig. 12 is a table showing the relationship between 
so the number of data blocks per packet and the rate 
and band of transmission of data in the second em- 
bodiment; 

Fig. 13 is a diagram showing an example of a pro- 
cedure for forming packets in a third embodiment 
55 of the present invention; 

Fig. 14 is an example of a CIP header used in the 
third embodiment. 

Fig. 15 is a table showing the relationship between 
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the number of data blocks per packet and the rate 
and band of transmission of data in the third em- 
bodiment; 

Fig. 16 is a diagram showing an example of a pro- 
cedure for tomning packets in a fourth embodiment 5 
of the present invention; 

Fig, 17 is a flowchart for explaining the procedure 
for forming packets in the fourth embodiment; 
Fig. 1 8 is a diagram showing a format of transmitted 
data; 

Fig. 1 9 is a table showing an example of a CI P head- 
er in MPEG2-PS transmission; 
Fig. 20 is a diagram showing an example of the re- 
lationship between original data and transmitted 
packets; 

Fig, 21 is a diagram showing the format of a source 
packet header; 

Fig. 22 is a diagram showing the structure of a pack- 
el for isochronous communicatran; 
Fig. 23 is a diagram showing the formal of a CIP 
header having an SYT area; 

Fig. 24 is a table showing an example of the rela- 
tionship between the value in the FMT area and 
sorts of data; 

Fig. 25 is a table showing the formal of the SYT ar- 2S 
ea; and 

Fig. 26 is a diagram showing the formal of a CIP 
header having no SYT area. 

Fig. 1 shows the configuration of an example of an 30 
AV system for DVD playback. In a DVD player 1 of the 
AV system shown in Fig. 1 . a drive section 11 is arranged 
to read out data (IS/IPEG-PS data) recorded on a DVD 
(not shown) by using, for example, laser light and to out- 
put the read data to a distribution circuit 12. 

The distribution circuit 12. supplied with MPEG-PS 
data from the drive unit 11, is arranged to output the 
f^PEG-PS data to a demultiplexer 1 3 and to a data com- 
munication section 15. 

The demultiplexer 1 3 is arranged to sort, out of sup- 
plied MPEG-PS data, a video pack having video infor- 
mation, an audio pack having audio information and a 
sub picture pack having information such as captions, 
and to output the packs to a decoding section 14. 

The decoding section 1 4 incorporates decoders for ^5 
decoding the video pack, the audio pack and the sub 
picture pack. Each decoder decodes the corresponding 
pack to form a video or audio signal and outputs the sig- 
nal to a predetermined apparatus (not shown). 

The data communication section 15 is arranged to 50 
convert packs of MPEG-PS data supplied from the dis- 
tribution circuit 12 into packets for isochronous commu- 
nication in accordance with the IEEE 1394 standard, 
and to transmit the packets to a digital television receiver 
(digital TV) 3 via an AV bus 2. 55 

In the digital TV 3, a data communication section 21 
is arranged to receive packets for isochronous commu- 
nication in accordance with the IEEE 1394 standard 
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transmitted from the DVD player 1 via the AV bus 2, to 
convert the packets into the original packs and to output 
the packs to a decoding section 22. 

The decoding section 22 incorporates decoders for 
respectively decoding video, audio and sub picture 
packs, as does the decoding section 1 4 of the DVD play- 
er 1. The decoding section 22 sorts video, audio and 
sub picture packs out of supplied data, and each decod- 
er decodes the corresponding pack to form a video or 
audio signal and outputs the signal to a predetermined 
circuit (not shown). 

Fig. 2 shows the configuration of an example of the 
data communication section 15 ol the DVD player 1, 
which represents a transmitting apparatus in accord- 
ance with a first embodiment of the present invention. 

A timing generation circuit 44, which is supplied with 
MPEG-PS data from the distnbution circuit 12, is ar- 
ranged to output the MPEG-PS data directly to a pack- 
eting circuit 45 (conversion means) and tooulput a pulse 
signal to a latch circuit 46 when it outputs a pack of the 
MPEG-PS data to the packeting circuit 45. 

A timer 47 is arranged to operate its internal counter 
for clocking and to output the value of the counter to the 
latch circuit 46. The timer 47 is also arranged tocalibrate 
the value of the counter by a control signal supplied in 
a cycle of 125 psec from a communication control sec- 
tion 49. 

The latch circuit 46 is arranged to hold the value 
(time information) supplied from the timer 47 when a 
pulse signal is supplied from the timing generation cir- 
cuit 44. The latch circuit 46 holds the value until the next 
pulse signal is supplied, and outputs the value to the 
packeting circuit 45. 

The packeting circuit 45 is arranged to convert, in a 
procedure described below, a pack supplied from the 
timing generation circuit 44 and time information (a time 
stamp for suppressing jitter) supplied from the latch cir- 
cuit 46 into packets for isochronous communication in 
accordance with IEEE 1394. and to output the packets 
to the communication control section 49. 

This time stamp is used to suppress jitter (in trans- 
mission) and is not used for decoding of data. 

The communication control section 49 is arranged 
to output, at the start of the period of a cycle of 1 25 ^sec, 
a control signal to the timer 47 and a cycle sync signal 
and a cycle start packet to a communication section 50 
(transmission means). One packet per cycle, supplied 
from the packeting circuil 45, is output from the commu- 
nication control section 49 to the communication section 
50. 

The communication section 50 is arranged to trans- 
mit, over the AV bus 2, cycle sync signals, cycle start 
packets and isochronous communication packets sup- 
plied from the communication control section 49. 

Fig. 3 shows the configuration of an example of the 
data communication section 21 of the digital TV 3, which 
represents a receiving apparatus in accordance with the 
first embodiment of the present invention. 
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A communication section 61 (receiving means) is 
arranged to receive cycle sync signals cycle start pack- 
ets and isochronous communication packets transmit- 
ted via the AV bus 2. and outputs the signals and the 
packets to a communication control section 62. 

The communication control section 62 is arranged 
to output a control signal according to a cycle sync signal 
to a timer 64 when supplied with the cycle sync signal, 
and to output a supplied isochronous communication 
packet to an unpacketing circuit 63 (restoration means). 

The unpacketing circuit 63 is arranged to restore a 
pack of MPEG-PS data from a predetermined number 
of packets, as described below, and to output the re- 
stored packtoa FIFO memory 67 Also the unpacketing 
circuit 63 is arranged to extract tioK; inlormation (lime 
stamps) converted into packets logclhor with the pack 
in the data communication section lb o» the DVD player 
1 , and to output the lime informatKXi to an adder 65. 

The adder 65 is arranged to cateui^ic the sum of a 
delay lime previously set in a rcgisicr 65 and lime infor- 
mation supplied from the unprickcliny cncuit 63. and to 
output the result of this calculation to a comparator 68. 

The timer 64 is arranged to opcrnic its internal 
counter for clocking and to output the viiluc of the coun- 
ter to the comparator 68. The timer 64 lo ;ilso arranged 
to calibrate the value of the counlor by a control signal 
supplied from the communication control section 62. 

The comparator 68 is arranged to output a pulse 
signal to the FIFO memory 67 when a m^tch occurs be- 
tween the time clocked by Ihe timer 6>4 nnd the lime in- 
formation supplied from the adder 65 (tnc time stamp of 
a pack -»• the delay time). 

The FIFO memory 67 is arranged to output, lo a de- 
coding section 22. data (pack) supplied Irom the un- 
packeting circuit 63 when a pulse signal is supplied from 
the comparator 68. The FIFO memory 67 outputs the^ 
data in FIFO (first in first out) order i c in order of input. 

The operations of the abovc-dcscribcd DVD player 
1 (first embodiment) and digital TV 3 (lirst embodiment) 
will next be described. 

First, the drive section 11 of the DVD player 1 reads 
out MPEG-PS data from a DVD and outputs the data 
to the distribution circuit 1 2. 

The distribution circuit 1 2 outputs the dnla lo the de- 
multiplexer 13 and to the timing generation circuit 44 of 
the data communication section 1 5 

The timing generation circuit 44 ol ihc data commu- 
nication section 15 outputs a pack ol MPEG-PS dala lo 
the packeting circuit 45 and outputs n p jli»o signal to the 
latch circuit 46. The latch circuit 4G holds the lime at 
which it receives the signal, and outputs the correspond- 
ing time information to the packclmg circuit 45. 

Next, the packeting circuit 45 cctc the cupplicd lime 
information as a 4-byte time stamp and adds 124-byte 
padding data to the lime stamp and the 2.048 byte pack 
in order that the total byte length bo a multiple of 1 6, as 
shown in Fig. 4. As padding data, no particular informa- 
tion is held since padding data is added lor the purpose 



of adjusting the total data length. 

For example, a shown in Fig. 4, the packeting circuit 
45 divides the time stamp, pack and padding data into 
a number of fractions which is a multiple of 2 (32 in this 
case) to convert them into the same number of data 
blocks having a byte length which is a multiple of 4 (64 
bytes in this case) . That is, data of a total length of 21 76 
(= 4 + 2048 + 1 24) bytes is divided into 32 data blocks 
of 68 bytes. 

Next, the packeting circuit 45 forms a CIP header 
and forms a packet containing the CI P header and a pre- 
determined number of data blocks. 

Fig. 5 shows an example of a CIP header format 
used in the first embodiment. 

In this embodiment, the relationship between the 
value in the FMT area of the CIP header and sorts of 
data is set as shown in Fig. 6. That is. in the case of 
transmission of MPEG-PS data in this embodiment, the 
value in the FMT area is set to 100 100 (binary), different 
from that for MPEG-TS. 

Also in this CIP header, in the case of transmission 
of MPEG-PS data (i.e.. in the case where the value in 
the FMT area is 100100 (binary)), the values in the orig- 
inal (Fig. 26) FN area and QPC area (the 17lh to 21st 
bits of the No. 0 quadlct) arc fixed at 0. Also, the throe. 
2nd to 4th bits in the FDF area (shown as new FN) are 
used as a new FN area while the eight. 5th to 12th bits 
in the FDF area (shown as new QPC) are used as a new 
QPC area. 

The value in the FN area (new FN) is set to the log- 
arithm of the number of fractions FN to base 2 (log2FN). 

Thus, a pack can be converted into a packet by in- 
creasing the number of bits assigned to the FN and QPC 
areas even if the number of fractions is large or the 
length of padding data is long as in the case of process- 
ing a pack of MPEG-PS data. 

In the CIP header shown in Fig. 5, the value in the 
DBS area is (3001 0001 (binary), the value in the FN area 
(new FN) is 101 (binary) and the value in the QPC area 
(new QPC) is 00011111 (binary). Therefore, the length 
of each data block is 17 quadlets. i.e., 68 bytes, the 
number of fractions into which a pack is divided is 32 (= 
2^). and the length of padding data is 31 quadlets. i.e., 
124 bytes. 

A CIP header such as shown in Fig. 7 may also be 
formed to use both the original FN area and the new FN 
area (shown as sub FN). In such a case, if the value in 
Ihe original FN area is nppg^ and the value in Ihe new FN 
area (sub FN) is np|y,2, the number of fractions is the 
(npfg, + is np|sj2)th power of 2. 

Further, as shown in Fig. 8, the same formal as that 
of the CIP header shown in Fig. 26 may be used. In such 
a case, however, the number of fractions is limited to 8 
(= 23) or less and the length of padding data is limited 
to 7 quadlets or less. Therefore, the data transmission 
rate is 16.4 Mbps (16.4 x 10^ bits/sec) or higher. 

Fig. 9 shows the rale and band of transmission of 
DVD data (i.e.. MPEG-PS data) in the case where the 
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number of fractions is one of 8, 16. 32. and 64 and where 
the number of data blocks per packet is one of 1 to 8. 
16. 32. and 64. If the number of data blocks per packet 
is a power of 2. processing in the packeting circuit 45 is 
simplified. 

If the number of fractions is FN and if the number 
of data blocks per packet is DB. the amount of MPEG- 
PS data (average) contained in one packet Is (2048/FN) 
X DB bytes (= 16384/FN) x DB bits), and packets are 
distributed each in a cycle of 125 jasec. As a result, the 
rate of transmission of MPEG-PS data is (131.1/FN) x 
DB (= {2048 X 8/125)/FN} X DB) Mbps. 

Since the DVD playback rate in accordance with the 
standard is 2.52 Mbps. 5.04 Mbps. or 10.08 Mbps. the 
number of fractions FN and the number of data blocks 
DB per packet are set so as to satisfy one of the following 
equations: 

(131.1/FN) X DB > 10.08 



(131.1/FN) X DB>5.04 

(131.1/FN) X DB>2.52 

That is. if the playback rale is changed, FN and DB 
are changed in accordance with the above equations. 

Accordingly, in the case where the playback rate is 
set to 10.08 f^bps and where division into 64 fractions 
is made, the number of data blocks per packet is set to 
5 or greater. If division into 32 fractions is made, the 
number of data blocks per packet is set to 3 or greater. 
If division into 16 fractions is made, the number of data 
blocks per packet is set to 2 or greater. 

That is, in forming one packet, the packeting circuit 
45 uses data blocks corresponding to the number ol da- 
ta blocks set as described above. 

The band of communication in accordance with the 
IEEE 1394 standard is calculated as shown by the fol- 
lowing equation: 

Band = OverheadJD X C + (Payload + K) x DR 

OverheadJD is 1 5 (default value): C is fixed at 32 
units and K is fixed at 3. Also, Payload is the number of 
quadlets of transmitted data (data blocks and CIP head- 
ers), and DR is a value which is set according to a per- 
formance of communication. In the case of 100 M trans- 
mission, DR is set to 16. In the case of 200 M transmis- 
sion, DR is set to 8. In the case of 400 M transmission, 
DR is set to 4. In Fig. 9, the band is calculated by setting 
DRtoie. 

For example, referring to Fig. 9, rf the number of 
fractions is 64 and if the number of data blocks per pack- 
et is 1 . the band used is 704 (= 15 x 32 + (11 + 3) X 16) 



units. 

Packets formed in the above-described manner are 
supplied to the communication control section 49. 

The communication control section 49 outputs a 
s control signal to the timer 47 in every 1 25 fisec cycle at 
the start of the cycle, simultaneously outputs a cycle 
sync signal and a cycle start packet to the communica- 
tion section 50. Also, the communication control section 

49 is supplied with packets from the packeting circuit 45 
10 and outputs the packets to the communication section 

50 one in every cycle. 

The communication section 50 transmits, over the 
AV bus 2, cycle sync signals, start packets and Iso- 
chronous communication packets supplied from the 
'5 communication control seclion 49. 

in the above -described manner, MPEG-PS data is 
converted into packets for isochronous communication 
and the packets are transmitted over the AV bus 2. 
The communication section 61 of the digital TV 3 
20 receives cycle sync signals, cycle start packets and Is- 
ochronous communication packets transmitted from the 
DVD player 1 via the AV bus 2. and outputs the received 
signals and packets to the communication control sec- 
tion 62. 

2S When supplied with one cycle sync signal, the com- 
munication control section 62 outputs a control signal 
according to the cycle sync signal to the timer 64, and 
outputs the corresponding supplied isochronous com- 
munication packet to the unpacketing circuit 63. 
30 The unpacketing circuit 63 reads the CIP header of 
each supplied isochronous communication packet and 
restores the group of data formed of MPEG-PS data, a 
time stamp and padding data from at least one packet 
corresponding to FN data blocks. 
35. The unpacketing circuit 63 removes, from the re- 
stored data, the padding data of the byte length corre- 
sponding to the value in the QPC area of the CIP header 
by referring to the value in the QPC area, outputs the 
head 4-byte time stamp to the adder 65, and outputs the 
40 pack of MPEG-PS data to the FIFO memory 67. 

The adder 65 calculates the sum of the preset delay 
time supplied from the register 65 and time information 
(time stamp) supplied from the unpacketing circuit 63. 
and outputs the result of this calculation to the compa- 
ss rator 68. 

The comparator 68 outputs a pulse signal to the 
FIFO memory 67 when a match occurs between the 
lime clocked by the timer 64 and the time information 
supplied from the adder 65 (the time stamp of the pack 
so + the delay time). 

When supplied with the pulse signal from the com- 
parator 68. the FIFO memory 67 outputs, to the decod- 
ing section 22, the data supplied from the unpacketing 
circuit 63. The Fl FO memory 67 outputs the data in FIFO 
'55 order, I.e., In order of input. Thus, the data Is supplied 
to the decoding section 22 in synchronization with the 
time stamp, thereby suppressing jitter 

The decoding section 22 decodes the MPEG-PS 
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data to form video and audio signals, and outputs the 
signals to predetermined circuits (not shown). 

In the first embodiment, as described above, a 
group o\ data formed by adding a time stamp and pad- 
ding data to an MPEG-PS data pack of 2.048 bytes is 
divided to form data blocks, and packets having a pre- 
determined number of the data blocks are transmitted, 
thus transmitting the pack of 2,048 bytes to the digital 
TV 3 operating as a decoder through the digital interface 
in accordance with the IEEE 1394 standard. 

A DVD player 1 which represents a transmitting ap- 
paratus in accordance with a second embodiment of the 
present invention and a digital TV 3 which represents a 
receiving apparatus in accordance with the second em- 
bodiment of the present invention will next be described. 

The DVD player 1 of the second embodiment has 
the same configuration as the DVD player 1 of the first 
embodiment and differs from the first DVD player l only 
in the operation of the packeitng circuit 45. Therefore, 
the configuration of the DVD player 1 of the second em- 
bodiment will not be described. 

The digital TV 3 of the second embodiment has the 
same configuration as the digital TV 3 of the first em- 
bodiment and differs from the first digital TV 3 only in 
the operation of the unpackcting circuit 63. Therefore, 
the configuration of the digital TV 3 of the second em- 
bodiment will not be described. 

The operations of the second embodiment DVD 
player 1 and digital TV 3 will now be described. The fol- 
lowing description refers only to the operations of the 
packeting circuit 45 and the unpacketing circuit 63 be- 
cause the operations of the sections other than the 
packeting circuit 45 and the unpacketing circuit 63 are 
the same as those in the first embodiments. 

The packeting circuit 45 of the second embodiment 
first adds padding data to a pack of 2.048 bytes, as 
shown in Fig. 10. The length of padding data Is set to 
such a value that the byte length of one source packet 
formed by dividing the data formed of the pack of 2.048 
bytes and padding data into a first number of fractions 
FN^ is equal to a value obtained by subtracting the byte 
length of a time stamp (= 4) from a multiple of 15. 

That Is. if the byte length of the time stamp is Lts 
(Lts = t>y^® length LPD of padding data is calcu- 

lated as shown by the following equation using a prede- 
termined positive integer n: 

= FN^ X (16 X n - L^g) - 2048 

The number n is assumed to be an integer equal to 
or greater than (2048/FNi + ljQ)n6. 

For cxampIC: if LTS = 4 and FN^ = 6 as shown in 
Fig. 1 0, and if n is set to 22. the byte length LpQ of pad- 
ding data calculated is 40 (= 6 x (16 x 22 - 4) - 2048). 

Next, the packeting circuit 45 divides the data 
formed of the length of padding data calculated as de- 
scribed above, and the pack of 2.043 bytes into the first 



number of fractions FN^, thereby forming FN, source 
packets having a byte length of a multiple of 16. If the 
byte length of each source packet is LSP. it is calculated 
as shown by the following equation: 

5 

Lsp = (2048 ^ Lpd)/FN^ 

For example, if the length of padding data Is 40 

10 bytes and the first number of fractions FN-, is 6, the 
length of each source packet is 348 (= (2048 + 40)/6) 
bytes, as shown in Fig. 10. 

Then, as shown in Fig. 10, the packeting circuit 45 
adds the 4-byte time stamp to the headmost end of each 

IS formed source packet, divides each source packet with 
the added 4-byte time stamp into a second number of 
fractions FNg which is a multiple of 2 (FNg = 8 in this 
case), thereby forming data blocks having a byte length 
of a multiple of 4 (44 bytes in this case). 

20 The packeting circuit 45 then forms a CIP header 
and forms a packet containing the CI P header and a pre- 
determined number of the data blocks. 

Fig. 11 shows an example of a CIP header format 
used in the second embodiment. 

2S The rclatksnshlp between tho value in the FMT area 

of the CIP header and sorts of data set in this embodi- 
ment is the same as that in the first embodiment. 

In this CIP header, if MPEG-PS data Is transmitted 
(that Is, If the value in the FfVlT area Is 100100 (binary)), 

30 the togarlthm of the second number of fractions FN2 to 
base 2 (loggCFNg)) is written in the FN area, and the val- 
ue in the original (Fig. 26) QPC area (the 19th to 21st 
bits of the No.O quadlet) Is fixed at 0, The eight. 5th to 
1 2th bits In the FDF area (shown as new QPC) are used 

35 as a new QPC area. 

Since the first number of fractions FN^ is fixed as a 
preset number, it is not transmitted through packets. On- 
ly the second number of fractions FNj is written in the 
header while the first number of fractions FN^ is fixed. 

40 Therefore, only two bits in the FN area may suffice. 

Thus, the number of bits assigned to the QPC area 
is increased to enable conversion of a pack into packets 
even if the length of padding data is large. 

In the CIP header shown in Fig. 11. the value in the 

^5 DBS area is 00001 01 1 (binary), the value in the FN area 
is 1 1 (binary) and the value in the QPC area (new QPC) 
is 00001010 (binary). Therefore, the length of the data 
block is 11 quadlets, i.e., 44 byles. the second number 
of fractbns is 8 (= 2^), and the length of padding data is 

50 10 quadlets. I.e., 40 bytes. 

Fig. 12 shows the rate and band of transmission of 
DVD data (i.e., MPEG-PS data) in the case where the 
first number of fractions FN^ is 6. the second number of 
fractions FN2 is 8, and the number of data blocks per 

ss packet is one of 1 to 8. 16, 32, and 64. 

If the number of data blocks per packet is DB, the 
amount of MPEG-PS data (average) contained in one 
packet Is (2048/(FNt X FNg)) X DB bytes (= (16384/ 
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(FNt X FNg)) X DB bits), and packets are distributed 
each in a cycle of 1 25 fisec. As a result . the rate of trans- 
mission of MPEG-PS data is (131.1 /(FN, X FNg)) X DB 
(Mbps). 

Since the DVD playback rale is 2 52 Mbps. 5.04 Mb- 
ps, or 10.08 Mbps, the nunnbers ol Iractons FN^ and 
FN2 and the number of data blocks DB per packet are 
set so as to satisfy one of the following equations: 

(131.1/(FN, X FNg)) X DB:? 10.08 
(131.1/(FN, X FN2)) X DB > 504 

(13T.1/(FN, X FN^)) X DB >2 52 

Thai is. if the playback raic is chnngcd. FN and DB 
are changed in accordance with the above equations. 

Accordingly, in the case where the plnyback rate is 
set to 10.08 Mbps and where the tirst and second num- 
bers of fractions are 6 and 8. respectively the number 
of data blocks per packet is set to 4 or greater. Also in 
the case where the first or second number ol fractions 
is set to some other value, the number ol data blocks 
per packet is set to a number calculated in the same 
manner. 

In the above-described nrwnner the packeting cir- 
cuit 45 of the second embodiment converts an MPEG- 
PS data pack of 2.048 bytes into isochronous commu- 
nication packets. 

The operation of the unpackclmg circuit 63 of the 
second embodiment will next be described 

The unpackeling circuit 63 reads the CIP header of 
each of packets supplied from the communication con- 
trol section 62 and restores source packets with added 
time stamps each from at least one packci correspond- 
ing to FN2 data blocks. 

Next, the unpacketing circuit 63 outputs Ihe head 
4-byte time stamps to the adder 65 and restores one 
pack of MPEG-PS data with added padding data from 
FN^ source packets. 

Then, the unpacketing circuit 63 removes, from the 
restored data, the padding daia ol the byic length cor- 
responding to the values in the OPC areas of the CIP 
headers by referring to the values m ihc OPC areas, and 
outputs the pack of MPEG-PS data to lliu Fl FO memory 
67. 

Thus, the unpacketing circuit 63 ol the second em- 
bodiment restores the MPEG-PS data pack of 2.048 
bytes from isochronous communication pnckclo. 

In the second embodiment, as described above, a 
group of data formed by adding padding dala to one 
MPEG-PS data pack of 2.048 bytes is divided to form 
source packets, groups of data lormod by adding time 
stamps to the source packets are lunhor divided to form 
data blocks, and packets each having a predetermined 
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number of data blocks are transmitted, thus transmitting 
the pack of 2.048 bytes to the digital TV 3 operating as 
a decoder through the digital interface in accordance 
with the IEEE 1394 standard. 
5 A DVD player 1 which represents a transmitting ap- 

paratus in accordance with a third embodiment of the 
present invention and a digital TV 3 which represents a 
receiving apparatus in accordance with a third embodi- 
ment of the present invention will next-be described. 
10 The DVD player 1 of the third embodiment has the 
same configuration as the DVD player 1 of the first em- 
txKliment and differs from the first DVD player 1 only in 
the operation of the packeting circuit 45. Therefore, the 
configuration of the DVD player 1 of the third embodi- 
es ment will not be described. 

The digital TV 3 of the third embodiment has the 
same configuration as the digital TV 3 of the first em- 
bodiment and differs from the first digital TV 3 only in 
the operation of the unpacketing circuit 63. Therefore. 
20 the configuration of Ihe digital TV 3 of the third embod- 
iment will not be described. 

The operations of the third embodiment DVD player 
1 and digital TV 3 will now be described. The following 
description refers only to the operations of the packeting 
25 circuit 45 and the unpacketing circuit 63 because the 
operations of the sections other than the packeting cir- 
cuit 45 and the unpacketing circuit 63 are the same as 
those in the first embodiments. 

The packeting circuit 45 in the third embodiment di- 
30 vides a pack of 2.048 bytes into a predetermined 
number of fractions which is a multiple of 2, thereby 
forming FN data blocks having a byte length of a multiple 
of 4. 

For example, if a pack of 2.048 bytes is divided into 

3S 64 fractions. 64 data blocks each consisting of 32 
(=2.048/64) bytes are formed, as shown in Fig. 13. 

The packeting circuit 45 forms a CIP header and 
forms a packet containing the CIP header and a prede- 
termined number of the data blocks. 

40 Fig. 14 shows an example of a CIP header format 
used in the third embodiment. 

The relationship between the value in the FMT area 
of the CIP header and sorts of data set in this embodi- 
ment IS the same as that in the tirst embodiment. 

45 In this CIP header, if MPEG-PS dala is transmitted 
(that is. if the value in the FMT area is 100100 (binary)), 
the value in the original (Fig. 25) QPC area (the 17th 
and leih bits of the No.O quadlet) is fixed at 0. and the 
three. 2nd to 4th bits in the FDF area (shown as new 

50 FN) are used as a new FN area. 

In this embodiment, the value in the QPC area is 
set to 0 since no padding data is used. In this embodi- 
ment, a CIP header having an SYT area is used and a 
time stamp of a pack is set in the SYT area. 

55 Thus, the number of bits assigned to the FN area is 
increased to enable a pack to be converted into packets 
even if the number of fractions is large. 

In the CIP header shown in Fig. 14. the value in the 
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DBS area is 00001 000 (binary), the value in the new FN 
area (new FN) is 110 (binary), the length of the data 
block is set to 8 quadlets. i.e.. 32 bytes, and the number 
of fractions is set to 64 (= 2®). 

Fig. 15 shows the rate and band of transnnission of 
DVD data (i.e., MPEG-PS data) in the case where the 
number of fractions is 64 and the number of data blocks 
per packet is one of 1 to 8. 

If the number of fractions is FN and if the number 
of data blocks per packet is DB, the amount of MPEG- 
PS data contained in one packet is (2048/FN) X DB 
bytes (= 16384/FN) x DB bits), and packets are distrib- 
uted each in a cycle of 1 25 psec. As a result, the rate of 
transmission of fy/lPEG-PS data is calculated as 
(131.1/FN) X DB (Mbps). 

Since the DVD playback rale is 2.52 Mbps, 5.04 Mb- 
ps, or 10.08 Mbps. the number of fractions FN and the 
number of data blocks DB per packet are set so as to 
satisfy one of the following equations: 

(131.1/FN) X DB > 10.08 



(131.1/FN) X DB> 5.04 



(131.1/FN) X DB > 2.52 

That is. if the playback rate is changed. FN and DB 
are changed in accordance with the above equations. 

Accordingly, in the case where the playback rate is 
set to 10.08 Mbps and where the number of fractions is 
64. the number of data blocks per packet is set to 5 or 
greater. Also in the case where the number of fractions 
is set to some other value, the number of data blocks 
per packet is set to a number calculated in the same 
manner. 

In the above-described manner, the packeting cir- 
cuit 45 of the third embodiment converts an MPEG-PS 
data pack of 2.048 bytes into isochronous communica- 
tion packets. 

The operation of the unpacketing circuit 63 of the 
third embodiment will next be described. 

The unpacketing circuit 63 reads the CIP header of 
each of packets supplied from the communication con- 
trol section 62 and restores one pack from at least one 
packet corresponding to FN data blocks. Also, the un- 
packeting circuit 63 reads out a time stamp from the SYT 
area of the CIP header and outputs the read value to 
the adder 65. 

The unpacketing circuit 63 outputs the restored 
pack of MPEG-PC data to the FIFO memory 67. 

Thus, the unpacketing circuit 63 of the third embod-r 
iment restores the MPEG-PS data pack of 2.048 bytes 
from isochronous communication packets. 

In the third embodiment, as described above, an 
MPEG-PS data pack of 2.048 bytes is divided to form 



data blocks, and packets each having a predetermined 
number of data blocks are transmitted, thus transmitting 
the pack of 2.048 bytes to the digital TV 3 operating as 
a decoder through the digital interface in accordance 
5 with the IEEE 1394 standard. 

A DVD player 1 which represents a transmitting ap- 
paratus in accordance with a fourth embodiment of the 
present invention and a digital TV 3 which represents a 
receiving apparatus in accordance with the fourth em- 
10 bodiment of the present invention will next be described. 
The DVD player 1 of the fourth embodiment has the 
same configuration as the DVD player 1 of the first em- 
bodiment and differs from the first DVD player 1 only in 
the operation of the packeting circuit 45. Therefore, the 
IS configuration of the DVD player 1 of the fourth embodi- 
ment will not be described. 

The digital TV 3 of the fourth embodiment has the 
same configuration as the digital TV 3 of the first em- 
bodiment and differs from the first digital TV 3 only in 
20 ihe operation of the unpacketing circuit 63. Therefore, 
the configuration of the digital TV 3 of the fourth embod- 
iment will not be described. 

The operations of the fourth embodiment DVD play- 
er 1 and digital TV 3 will now be described. The following 
2S description refers only to the operations of the packeting 
circuit 45 and the unpacketing circuit 63 because the 
operations of the sections other than the packeting cir- 
cuit 45 and the unpacketing circuit 63 are the same as 
those in the first embodiments. 
30 The operation of the packeting circuit 45 will first be 
described with reference to the flowchart of Fig. 17. In 
step SI. the packeting circuit 45 in the fourth embodi- 
ment previously divides an MPEG2-PS data pack of 
2.048 bytes shown in Fig. 16(Aj into the first number of 
55 fractions FN, (= 8). thereby forming, as shown in Fig. 
16(B), eight groups of data each consisting of 256 bytes 
as source packets to be transmitted in isochronous com- 
munication in accordance with IEEE 1394. 

Next, in step 32, a 4-byte source packet header is 
40 added to the headmost end of each source packet 
formed in step Si . That is, a time stamp is added in order 
to reduce jitter at the time of transmission. The process 
then advances to step S3 to add 23-byte padding data 
to the hindmost end of each source packet in order to 
45 form data blocks of the quadlet unit size: as described 
below. In this manner, a 268-byte source packet is 
formed, as shown in Fig. 16(C). 

In step S4. the area in which padding data is added 
in step S3 is moved to the position immediately after the 
so source packet header to be used for transmission of a 
system parameter (SPRM) or the like, as shown in Fig. 
16(D). This is because processing of the data is easier 
if the data area is closer to the headmost end. 

In the source packet headers added to the source 
55 packets, each of those added to the second and other 
subsequent source packet headers in the eight source 
packet headers may be used as a data area. No infor- 
mation is written if they are not used as data areas. 
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In step S5. each 288-byte source packet is divided 
into the second number of tractions FN2 (6 in this case), 
thereby obtaining 36-byte data blocks, as shown in Fig. 
16(E). 

The process then advances to step S6 and the 
packeting circuit 45 forms a CtP header and forms a 
packet containing the CIP header and a predetermined 
number of data blocks. 

Fig. 18 shows an example of a CIP header format 
and a data block format used in the fourth embodiment. 
As shown in Fig. 1 8. the same CIP header formal as the 
conventional one having no SYT area as shown In Fig. 
26 may be used. In this example, the value in the DBS 
area is 00001001 (binary), the value in the FN area is 
11 (binary)andlhevalueintheQPCareaislll (binary). 
Therefore, the data block length is 9 quadlets. i.e.. 36 
bytes, the number of fractions in which one pack is di- 
vided is 8 (= 2^). and the padding data length is 7 
quadlets, i.e., 28 bytes. 

The packeling circuit 45 sets a number of data 
blocks per packet according to the band, forms a packet 
using the number of data blocks corresponding to the 
set number, and outputs the formed packet to the com- 
munication control section 49. 

Tho communication control section 49 outputs a 
control signal to the timer 47 in every 125 Msec cycle at 
the start of the cycle, and simultaneously outputs a cycle 
sync signal and a cycle start packet to the communica- 
tion section 50. Also, the communication control section 

49 is supplied with packets from the packeling circuit 45 
and outputs the packets to the communication section 

50 one in every cycle. 

The communication sectbn 50 transmits, over the 
AV bus 2. cycle sync signals, start packets and iso- 
chronous communication packets supplied from the 
communication control section 49. 

The process ends thereby. The above-described 
process is repeated the number of times corresponding 
to the number of packets. 

In the above-described manner, MPEG-PS data is 
converted into isochronous communication packets and 
the packets are transmitted over the AV bus 2. 

The communication section 61 of the digital TV 3 
receives cycle sync signals, cycle start packets and is- 
ochronous communication packets transmined from the 
DVD player 1 via the AV bus 2. and outputs the received 
signals and packets to the communication control sec- 
lion 62. 

When supplied with one cycle sync signal, the com- 
munication control section 62 outputs a control signal 
according to the cycle sync signal to the timer 64, and 
outputs the corresponding supplied isochronous com- 
munication packet to the unpackcting circuit 63. 

The unpacketing circuit 63 reads the CIP header of 
each of supplied isochronous communication packets 
and restores source packets with added time stamps 
and padding data each from at least one packet corre- 
sponding to FN2 data blocks (eight blocks in this case). 



In this embodiment, since the value in the FMT area 
of each CIP header is set to 100001. the unpacketing 
circuit 63 performs processing by assuming that data 
formed as a 2.048-byte fs/lPEG2-PS packet has been di- 

s vided into 8 source packets, and that each source pack- 
et has been further divided to form data blocks. 

The unpacketing circuit 63 outputs head 4-byte time 
stamps to the adder 65. restores the MPEG-PS data 
pack of 2.048 bytes from 8 (the number of source pack- 

10 ets) X 8 (the number of data blocks obtained by dividing 
each source packet) (= 64) data blocks, as described 
below, and outputs the restored MPEG-PS data to the 
FIFO memory 67. 

The method of restoring the MPEG2-PS data pack 

IS of 2.048 bytes from the 64 data blocks will next be de- 
scribed. The unpacketing circuit 63 discriminates each 
of the source packets containing the data blocks on the 
basis of the value in the DBC area of the corresponding 
CIP header. 

20 Thai is. il all the lower six digits of the value in the 
DBC area of the CIP header of one packet are 0, the 
first data block contained in the packet is recognized as 
the head data block in one MPEG2-PS packet. Also, if 
all the lower three digits of the value in the DBC area of 
25 the CIP header of one packet arc 0. the first data block 
contained in the packet is recognized as the head data 
block in one source packet. 

For example, if the value of DBC is XXOOOOOO (bi- 
nary) (X is 0 or 1). the data block is recognized as the 

30 head data block in the first one of eight source packets, 
i.e., the head data block in one MPEG2-PS data pack. 

' If the value of DBC is XX001000 (binary), the data 
block is recognized as the head data block in the second 
one of eight source packets. If the value of DBC is 

35 XX01 0000 (binary), the data block is recognized as the 
head data block in the third one of eight source packets. 
If the value of DBC is XX011000 (binary), the data block 
is recognized as the head data block in the fourth one 
of eight source packets. If the value of DBC is XXI 00000 

40 (binary), the data bkDck is recognized as the head data 
block in the fifth one of eight source packets. If the value 
of DBC is XXI 01 000 (binary), the data block is recog- 
nized as the head data block in the sixth one of eight 
source packets. If the value of DBC is XX1 10000 (bina- 

45 ry), the data block is recognized as the head data block 
in the seventh one of eight source packets. It the value 
of DBC is XX1 11 000 (binary), the data block is recog- 
nized as the head data block in Ihe eighth one of eighl 
source packets. 

50 The unpacketing circuit 63 first restores the eight 

source packets from the data blocks contained in the 
packets supplied from the communication control sec- 
tion 62. as described above, then restores tho 
MPEG2-PS data pack of 2.048 bytes, and outputs the 

55 restored data pack to the FIFO memory 67. Thus, each 
source packet divided into 8 blocks can be discriminated 
by referring to the values in the DBC areas. The restored 
data is output to the decoding section 22 to be decoded. 
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Fig. 19 shows the set of values in the CIP header. 
The value in the SID area is set according to the config- 
uration. The value in the DBS area is 00001 001 (binary) 
(= 9 quadlets (= 36 bytes)). The value in the FN area is 
11 (binary) (= B). The value in the QPC area is 111 (bi- 
nary) (= 7). The value in the SPH area is 1 . The value 0 
to FF (hexadecinnal) (0 to 255) is set in the DBC area. 
The value in the FMT area is 100001 denoting 
MPEG2-PS. In the FDF area, a predetermined value is 
set as desired. 

In the fourth ennbodimenl, as described above, an 
MPEG-PS data pack of 2.048 bytes is divided by using 
the conventional CIP header to form source packets, 
groups of data formed by adding time stamps and pad- 
ding data to the source packets are further divided to 
form data blocks, and packets each having a predeter- 
mined number of data blocks are transmitted, thereby 
transmitting in an isochronous communication manner 
the pack of 2,048 bytes to the digital TV 3 operating as 
a decoder through the digital interlace in accordance 
with the IEEE 1394 standard. 

In the above-described fourth embodiment, as de- 
scribed above, each source packet can easily be dis- 
criminated, so that the padding area {DVD packet head- 
er and the source packet header can bo treated inde- 
pendently with respect to source packets containing 
them. As a result, the usable data area can be in- 
creased. 

Also, an MPEG2-PS packet can be transmitted in 
an isochronous transmission manner by using the con- 
ventional CIP header. In such a case, an I^PEG2-PS 
packet of 2.04B bytes can be transmitted by being frag- 
mentized into, for example, 36-byte data blocks, thus 
achieving efficient use of the transmission band. 

In the above-described embodiments, data is trans- 
mitted between DVD player 1 and digital TV 3. However, 
needless to say. data can also be transmitted between 
other apparatuses having data communication sections 
in accordance with the IEEE 1 394 standard. 

In the above-described embodiments, 4-byte time 
stamps are used. However, time stamps of 8 bytes or 
more and having a byte length of a multiple of 4 may 
also be used. 

In the transmitting apparatus and the transmitting 
method of the present invention, a pack of 2,048 bytes 
in data is converted into at least one packet to be trans- 
mitted in isochronous communication in accordance 
with the IEEE 1 394 standard. Therefore. 2,048 bytes of 
data can be communicated by using the digital interface 
in accordance with the IEEE 1394 standard. 

in the receiving apparatus and the receiving method 
of the present invention, packets transmitted in commu- 
nication in accordance with the IEEE 1 394 standard arc 
received and a pack of 2,048 byte is restored from at 
least one of the received packets. Thus, 2,048 bytes of 
data can be communicated by using the digital interface 
in accordance with the IEEE 1394 standard. 



Claims 

1. A transmitting apparatus for transmitting data 
through the digital interface in accordance with the 
5 IEEE 1394 standard, said transmitting apparatus 

comprising: 

conversion means for converting a pack of 
2,048 bytes in the data into at least one packet 
10 to be transmitted in isochronous communica- 

tion in accordance with the IEEE 1394 stand- 
ard; and 

transmitting means for transmitting the packet. 

IS 2, A transmitting apparatus according to Claim 1. 
wherein said data is data in the f^PEG-PS form, 

3. A transmitting apparatus according to Claim 1, 
wherein said conversion means forms data blocks 

20 having a byte length of a multiple of 4 by dividing 
data formed of the pack of 2.048 bytes, a time stamp 
having a byte length of a multiple of 4 and padding 
data having a byte length of a multiple of 4 into a 
number of fractions which is a multiple of 2, and 

25 forms the packet by sotting a predetermined 

number of the data blocks per packet to be trans- 
mitted as data in the packet. 

4. A transmitting apparatus according to Claim 3, 
30 wherein the byte length of the padding data is a mul- 
tiple of 4, and a value obtained by dividing the sum 
of the byte length of the padding data. 2,048 bytes 
as the byte length of the pack and the byte length 
of the time stamp by the number of fractions is a 

35 multiple of 4. 

5. A transmitting apparatus according to Claim 3, 
wherein said conversion means writes the number 
of fractions and the byte length of the padding data 

40 in an format dependent field area of a common is- 
ochronous packet header of the packet. 

6. A transmitting apparatus according to Claim 3. 
wherein said conversion means writes the number 

45 of fractions and the byte length of the padding data 
in a fraction number area, a quadlet padding count 
area and a format dependent area of a common is- 
ochronous packet header of the packet. 

so 7. A transmitting apparatus according to Claim 3, 
wherein said conversion means converts the pack 
into the packet by setting the number of fractions to 
8 or less and by setting the byte length of the pad- 
ding data to 27 or less. 

55 

8. A transmitting apparatus according to Claim 3, 
wherein, if the number of fractions is FN; the 
number of data blocks per packet is DB; and the 
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rate of supply of the data is R bits/second, said con- 
version means sets the number of fractions and the 
number of data blocks per packet to values of FN 
and DB satisfying a condition: 

{(2.048 X 8/((125 X 10'^))/FN} X DB > R. 

9. A transmitting apparatus according to Claim 1, 
wherein said conversion means divides data 
formed of the pack of 2,048 bytes and padding data 
having a byte length of a multiple of 4 into a first 
number of fractions, forms source packets having a 
byte length of a multiple of 16 by adding a lime 
stamp having a byte length of a multiple of 4 to each 
of the first number of fractions of the data, forms 
data blocks having a byte length of a multiple of 4 
by further dividing each of the source packets into 
a second number of fractions which is a multiple of 
2, and forms the packet by selling a predetermined 
number of the data blocks per packet to be trans- 
mitted as data in the packet. 

10. A transmitting apparatus according to Claim 9. 
wherein said conversion means writes the byte 
length of the padding data in a formal dependent 
field area of a common isochronous packet header 
of the packet. 

11. A transmitting apparatus according to Claim 9. 
wherein, if the first and second numbers of fractions 
are FNi and FN2. respectively; the number of data 
blocks per packet is DB; and the rale of supply of 
the dala is R bits/second, said conversion means 
sets the first and second numbers of fractions and 
the number of data blocks per packet to values of 
FN^. FNgand DB satisfying a condition: 

{(2.048 X e/((125 X 10'^))/(FN^ X fN^)] X 
X DB > R. 

12. A transmitting apparatus according to Claim 1, 
wherein said conversion means forms data blocks 
having a byte length of a multiple of 4 by dividing 
the pack of 2,048 bytes into a number of fractions 
which is a multiple of 2, forms the packet by setting 
a predetermined number of the data blocks per 
packet to be transmitted as dala in the packet, and 
writes a lime stamp in a sync lime area of a common 
isochronous packet header of the packet. 

13. A transmitting apparatus according to Claim 12, 
wherein, if the number of fractions is FN; the 
number of data blocks per packet is DB; and the 
rate of supply of the data is R bits/second, said con- 
version means sets the number of fractions and the 



number of data blocks per packet to values of FN 
and DB satisfying a condition: 

5 {(2,048 X 8/((125 X 10^))/FN} X DB > R. 

14. A transmitting apparatus according to Claim 1, 
wherein said conversion means divides data 
formed of the pack of 2,048 bytes into a first number 

10 of fractions which is a multiple of 2, forms source 
packets by adding a time slamp having a byte 
length of a multiple of 4 and padding data having a 
byte length of a multiple of 4 to each of the first 
number of fractions of the data, forms data bkx;ks 

15 having a byte length of a multiple of 4 by further di- 
viding each of the source packets into a second 
number of fractions which is a multiple of 2, and 
forms the packet by selling a predetermined 
number of the data blocks per packet to be trans- 

20 milted as dala in the packet. 

15. A transmitting apparatus according to Claim 14, 
wherein a serial number of the first one of the dala 
blocks forming the packet is written in a data block 

2S counter area of a common isochronous packet 
header of the packet. 

16. A transmitting apparatus according to Claim 14, 
wherein said conversion means writes the first 

30 number of fractions in a fraction number area of a 

common isochronous packet header of the packet 
and writes the byte length of the padding data in a 
quadlel padding count area of the common iso- 
chronous packet header of the packet. 

35 

17. A transmitting method of transmitting data through 
the digital interface in accordance with the IEEE 
1394 standard, said method comprising the steps 
of: 

40 

converting a pack of 2,048 bytes in the data into 
at least one packet to be transmitted in iso- 
chronous communication in accordance with 
the IEEE 1394 standard; and 
4S transmitting the packet. 

1 8. A receiving apparatus for receiving data transmitted 
through the digital interface in accordance wilh the 
IEEE 1 394 standard, said receiving apparatus com- 

so prising: 

receiving means for receiving packets transmit- 
ted in isochronous communication in accord- 
ance with the IEEE 1394 standard; and 
55 restoration means for restoring a pack of 2,048 

byte from at least one of the packets received 
by said receiving means. 
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19. A receiving apparatus according to Claim 18, 
wherein said data is data in the MPEG-PS fornn. 

20. A receiving apparatus according to Clainn 18. 
wherein said restoration means restores the pack- 
ets to data formed of the pack of 2,048 bytes, a time 
stamp having a byte length of a multiple of 4 and 
padding data having a byte length of a multiple of 4. 

21. A receiving apparatus according to Claim 20, 
wherein said restoration means reads out the 
number of fractions and the byte length of padding 
data written in a format dependent field area of a 
common isochronous packet header of each of the 
packets, restores the data according to the number 
of fractions, and extracts the time stamp and the 
pack of 2.048 bytes from the restored data. 

22. A receiving apparatus according to Claim 20. 
wherein said restoration means reads out the 
number of fractions and the byte length of padding 
data written in a fraction number area, a quadlet 
padding count area and a format dependent field 
area of a common isochronous packet header of 
each of the packets, restores the data according to 
the number of fractions, and extracts the time stamp 
and the pack of 2.048 bytes from the restored data. 

23. A receiving apparatus according to Claim 18, 
wherein said restoration means restores the pack- 
ets to a predetermined number of source packets 
having a byte length of a multiple of 16, extracts a 
time stamp "from the source packets, and restores 
the pack of 2,048 bytes from the predetermined 
number of source packets. 

24. A receiving apparatus according to Claim 23, 
wherein said restoration means reads out the byte 
length of padding data written in a format dependent 
field area of a common isochronous packet header 
of each of the packets, and restores the pack of 
2.048 bytes from the predetermined number of 
source packets according to the byte length of the 
padding data 

25. A receiving apparatus according to Claim 16. 
wherein said restoration means reads out a time 
stamp wriUen in a sync lime area of a common is- 
ochronous packet header of each of the packets. 

26. A receiving apparatus according to Claim 18, 
wherein said restoration means restores the pack- 
ets to a predetermined number of source packets, 
extracts a time stamp and padding data from the 
source packets, and restores the pack of 2,048 
bytes from the predetermined number of source 
packets. 
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27. A receiving apparatus according to Claim 26. 
wherein said restoration means restores the pack- 
ets to the predetermined number of source packets 
on the basis of lower six digits in a data block coun- 
ter area of a common isochronous packet header 
of each of the packets, and restores the pack of 
2,048 bytes from the predetermined number of 
source packets. 

28. A receiving method of receiving data transmitted 
through the digital interface in accordance with the 
IEEE 1 394 standard, said method comprising the 
steps of: 

receiving packets transmitted in isochronous 
communication in accordance with the IEEE 
1 394 standard; and 

restoring a pack of 2,048 byte from at least one 
of the received packets. 
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(54) Apparatus and method for transmitting and receiving isochronous data 



(57) A transmitting apparatus and method, and a re- 
ceiving apparatus and method tor communicating a 
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ance with the IEEE 1394 standard. A 4-byte time stamp 
is added to a 2.048-byte pack of MPEG (Moving Picture 
Experts Group)- PS (program stream) data. Also. 124 
bytes of padding data is added to this pack in order that 



the overall byte length of data be a multiple of 16. Then 
the data is divided into a number of fractions which is a 
multiple of 2 (e.g.. 32). thereby being converted into a 
number of data blocks equal to the number of fractions. 
Each data block has a byte length of a multiple of 4 (e. 
g.. 68 bytes). A CIP header and the like are added to a 
predetermined number of the data blocks to form a 
packet. 
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